Abstract: Densities and viscosities of ternary mixtures of KCl, KBr and KI in different percentage 10, 20, 40 and 60% v/v ethanol-water for different concentrations of potassium salts were measured at 303.15 K. Data obtained has been used to understand the ion-ion and ion-solvent interactions in solution. Effect of percentage of ethanol and concentrations of salts on strengthening or weakening of these interactions has been evaluated. Apparent molar volumes have also been estimated from density data of different systems. Ion-solvent interactions have been interpreted in terms of the partial molar volumes which were determined from Masson's relation.
Introduction
In electrolyte solutions ion-ion, ion-solvent and solvent-solvent interactions are present. These interactions can be fully understood from experimental studies like density, viscosity, refractive index, sound velocity etc. When electrolytes are added in solventmixtures, the existing structure of solvent mixtures affects and it changes to another structure. Variations in experimental and calculated properties give us an idea about these interactions. Molecular interactions in solution have been studied by many workers [1] [2] [3] [4] [5] [6] . Apparent molar volumes of mixtures give an idea about solute-solvent interactions. Volumetric behaviors of electrolyte solutions provide information about various molecular interactions [7] [8] [9] [10] . Concentration dependence of apparent molar volumes is used for determination of partial molar volumes.
In continuation with our previous work [11] [12] [13] [14] on study of molecular interactions, present paper reports experimental densities and viscosities and calculated apparent molar volumes of ternary mixtures of KCl, KBr and KI in different percentage (10, 20, 40 and 60%) v/v ethanol-water for different concentrations of salts. Ion-ion and ion-solvent parameters are determined from Masson relation and discussed.
Experimental
All glassware used were of Borosil make and precalibrated. Densities of different solutions were measured using density bottles (10 mL; Riviera make). Weighing was done on electronic balance (DENVER INSTRUMENT, SI-234; Max. 230 g; d=0.1 mg; Denser instrument Germany). Solvent mixtures of ethanol-water (v/v) were prepared by mixing 10, 20, 40 and 60 mL ethanol in water to make total 100 mL solution in calibrated volumetric flasks. Solutions of potassium salt were prepared in ethanol-water solvent mixture by dissolving accurately weighed salt in it. Viscosities of solutions were measured by using Ostwald's viscometer (Borosilicate Glass make) at constant temperature (303.15 K) by measuring flow times for ternary solutions and solvent mixtures. All calculations were performed on departmental computer using Microsoft office excel programme. Table 1 Table 2 . It can be seen from the Table that values of V φ are negative for all three salt systems of all compositions suggesting decrease in molar volume of solvent mixture on addition of small amount of solute which is attributed to the very weak electrostriction 17 or weak solute-solvent interactions 18 . Potassium salts solutions in given % of ethanol-water has smaller volume than same % of ethanol-water mixtures.
Results and Discussion
Variation in apparent molar volume with square root of concentration of electrolyte is expressed by the Masson relation [19] [20] :
Apparent molar volume at infinite dilution is partial molar volume (V 0 φ ) which is measure of ion-solvent interactions and S v is measure of ion-ion interactions. V 0 φ and S v has been read respectively as intercept and slope of the graph between V φ and √c. Changes in V φ with √c are presented in Figure 3 . V φ and S v values are reported in Table 3 .
The solute-solvent interactions and structure of solute in solution can be reveled form thermodynamic quantity, the partial molar volume (V 0 φ ) 21 and S v , the ion-ion interaction parameter gives an idea about structure promoting or structure breaking ability of solute 22 .
c, mol dm We know that for the particular composition of the system, one type of interactions dominates over the other. It can be seen that for all three salt solutions for low ethanol percentage (10% v/v) both ion-ion and ion-solvent interactions are negligible, which means strong solvent-solvent interactions exists at this composition. One can assign this to the intermolecular hydrogen bonding between ethanol and water.
Moving to the higher % of ethanol, it can be seen from Figure 4 that for 20% v/v ethanol, the ion-ion interactions (S v ) dominates and it continues till 60% ethanol for KBr and KI systems, this could be due to smaller interionic distance. In case of KCl solutions ion-solvent interactions dominated over ion-solvent interactions for 40% and 60% of ethanol due to solvation of ions 23 .
Comparison of values of V φ and S v indicates predominance of ion-ion interactions over ion-solvent interactions for higher % of ethanol 24 . 
